OBJECTIVE: To study the regulation of antidiuretic hormone (ADH) and atrial natriuretic peptide (ANP) in obese and lean women with a swelling syndrome. PATIENTS: Thirty-four obese women and 12 lean women with a swelling syndrome and an abnormal isotopic test of capillary permeability to albumin were investigated. MEASUREMENTS: After 10 nocturnal hours of¯uid restriction, subjects were asked at 8 am to ingest a tap water load of 20 ml/kg within 10 min and to remain strictly recumbent until twelve noon on the ®rst day, and to remain standing and to walk around until twelve noon on the second day. Free water clearance and the cGMP/creatinine and albumin/ creatinine ratios were determined hourly in the morning. RESULTS: The total 4 h-urinary volume/ingested water volume ratio was signi®cantly lower on the second day both in the lean and the obese patients, the differences being slightly larger in the obese patients. The increase in free water clearance was signi®cantly less on the second day in the obese patients. The increase in cGMP/creatinine ratio was also signi®cantly lower on the second day in the obese patients. The maximum level of the urinary albumin/creatinine ratio was signi®cantly higher on the second day in the obese patients. CONCLUSION: In obese women with a swelling syndrome: (1) The higher increase in the urinary albumin excretion rate after water loading followed by a sustained upright position suggests a widespread alteration in capillary function, which is also indicated by the isotopic test of capillary permeability to albumin. (2) The water load-induced inhibition of ADH secretion and stimulation of ANP secretion or ANP activity, more defective in the upright position than in the recumbent one, is probably another major contributing factor to orthostatic oedema.
Introduction
Obese women often complain of swelling. In nonobese women without venous or lymphatic dysfunction, without renal, hepatic or cardiac disorder and without abnormal protein loss, the swelling syndrome is considered to be an`idiopathic oedema'. In obese and non-obese women the swelling syndrome often predominates in the lower limbs, with the aggravating effect of orthostatism. 1 We have previously shown that this syndrome is associated with an increase in extra cellular water assessed by bioelectrical impedance, and a signi®cant increase after a short orthostatic period. 2 This disorder is predominantly related to an increase in capillary permeability to albumin and to lymphatic microcirculatory disorders. 3±5 The decrease in circulating blood volume secondary to the increase in capillary permeability of albumin may stimulate the renin-angiotensin-aldosterone system and enhance the release of antidiuretic hormone (ADH). Such an increase in aldosterone secretion was demonstrated several years ago. 6 Negative free water clearance 6,7 also suggests the involvement of ADH. Urinary-arginine-vasopressin is reduced by water loading in normal women in both the recumbent and upright postures, but this reduction seems to occur only in the recumbent position in women with idiopathic oedema. 8 In these patients the suppression of ADH release in the upright posture was indeed con®rmed to be only transient or incomplete following the water loading. Thus both an increase in renal sodium reabsorption and the insuf®-cient suppression of ADH release in the upright posture might contribute to the retention of bodȳ uid. 9 Obesity is associated with expanded circulatory volume and an increased extracellular to intracellular uid ratio, 10 and an enhanced body sodium content has been reported in obese subjects. 11 Alterations in the renin-angiotensin system and in sympathetic activity have also been involved in the development of hypertension in obesity. 12 Atrial natriuretic peptide (ANP) is one of the most protective hormones against these mechanisms. It acts by promoting diuresis, natriuresis and vasodilation and also by suppressing the activity of the renin-aldosterone system. 13 In obese women the natriuretic response to an intravenous injection of ANP was found to be reduced, 14 due either to the counteracting effect of hyperinsulinaemia, which acts by increasing tubular sodium reabsorption, 15 or to the accelerated removal of plasma ANP due to the increase in the density of ANP receptors.
In order to obtain a better understanding of the pathophysiology of idiopathic oedema in obese women, the aim of this work was to study the regulation of ADH and ANP in obese and lean women with a swelling syndrome, using as an objective criterion the demonstrated alteration in capillary permeability. The results suggest that a dysregulation of both hormones may contribute to orthostatic oedema, mainly in obese women with a swelling syndrome. This study also suggests the presence of a widespread alteration of capillary permeability in these patients.
Patients and methods

Patients
Forty-six women with a swelling syndrome were studied. Thirty-four of them were obese, with BMI b 27 kg/m 2 . Mean age was similar in the two groups. None of them had hypertension, venous or lymphatic dysfunction. None was a heavy smoker. Chest X-ray, electrocardiogram, haemogram, plasma proteins, creatinine, bilirubin, alkaline phosphatases and transaminases, serum TSH and fasting blood glucose were normal. An oral glucose tolerance test consisting of measuring blood glucose at fasting and 2 h after 75 g of glucose taken orally was performed in the obese women and was normal in each case according to the WHO criteria. All medications able to modify diuresis, natriuresis and blood pressure were stopped one month before the study period. Diet included 100 mEq sodium/d for at least one month.
Capillary permeability to albumin was investigated by an isotopic test using labelled albumin. It was altered in all the 46 patients, thus demonstrating an increase in interstitial albumin retention, and did not differ signi®cantly between the lean and obese patients (Table 1) .
Methods
Test procedures
The isotopic test of capillary permeability to albumin was carried out as previously described. 3, 5, 16 Brie¯y it consists of injecting human serum albumin labelled with 99m technetium into an antecubital vein and measuring the radioactivity externally at the forearm with a gamma camera. Ten minutes after the injection, venous compression was exerted on one arm, inducing vascular stasis and therefore an increase in the radioactivity curve. It was removed 12 min later, inducing a decrease in the radioactivity curve which usually reached basal level in 1±3 min in normal subjects. Albumin retention (AR) was evaluated by the percentage: [(residual radioactivity at 10 min 7 basal radioactivity)/(maximal radioactivity 7 basal radioactivity)] 6 100. According to the results found in a large series of controls, AR was considered to be elevated when it was equal to or above 8%. Such was the case in all the 46 patients.
Two tests of oral water load were performed on two consecutive days. Fluid restriction was initiated at 10 pm and the subjects were asked not to smoke after 12 pm. At 8 am the subjects ingested a tap water load of 20 ml/kg within 10 min. They remained strictly recumbent from 10 pm until 8 am, and four additional hours after the loading, namely until twelve noon, on the ®rst day, whereas they remained standing and were allowed to walk around for four hours after the loading on the second day. During these tests, urine was collected from 10 pm to 8 am; and from 8 am to 12 noon plasma and urine were collected hourly.
Analytical procedures
For each plasma and urine sample, osmolality (Posm and Uosm) was measured with an automatic osmometer (Roebling) which has a precision of AE1%. Osmolar clearance in each sample was thus calculated by the formula: V 6 Uosm/Posm (where V urine volume). Hourly free water clearance was then obtained by the subtraction: V 7 osmolar clearance. The overall response to water loading was calculated by the area under the curve of the free water clearance changes during the four hours which followed water load.
Urinary cGMP and creatinine were also measured and the cGMP/creatinine ratio was calculated and considered to be an index of ANP activity as previously reported. 17, 18 The overall response to water loading was estimated by the area under the curve of cGMP/creatinine ratio changes during the four hours which followed the water load. Urinary cGMP was 
Results
Urine collected during the night (from 10 pm to 8 am) before the oral water loading tests performed in the recumbent and the upright position did not differ signi®cantly in the lean patients whereas in the obese patients urine volume was signi®cantly lower (P 0.032) before the test performed in the standing position than in the recumbent one (Table 2) . After the oral water loading, each hourly morning urine sample was smaller during the test performed in the upright position than in the recumbent one. The total four-hour urinary volume was signi®cantly lower in the upright than in the recumbent position both in the lean (P 0.005) and the obese (P`0.0001) patients. The total four-hour urinary volume/ingested water volume ratio (expressed as percent) was also signi®cantly lower in the upright than in the recumbent position both in the lean and the obese patients.
This ratio was similar in the two groups in the recumbent position and slightly lower (NS) in the obese patients than in the lean ones in the standing position (Table 2 ). There was no signi®cant correlation between the differences in urine samples collected during the nights before the two tests and the differences in the total four-hour urinary volume collected during the two tests in either the lean or the obese patients (r 0.181 and r 0.150, respectively).
Free water clearance was very similar on the nights preceding the two consecutive testing days in both the lean and obese patients, without any signi®cant difference between the two groups. After water loading it became positive in each patient. The area under the curve of free water clearance over the four hours after the water load was not signi®cantly different in the upright and recumbent position in the lean patients (P 0.649), whereas it was signi®cantly lower in the upright position than in the recumbent one in the obese patients (P 0.008) (Figure 1) . The difference in the areas under the curves between the two positions was signi®cantly higher in the obese than in the lean patients (P 0.036).
The cGMP/creatinine ratio was very similar for the urine collected on the nights preceding the two consecutive tests both in the lean and obese patients, without any signi®cant difference between the two groups. After water loading, it increased markedly for the second and third hourly samples in both positions and in both obese and lean patients (Figure 2 ). The area under the curve of the cGMP/creatinine ratio for the four hours following the water load was signi®-cantly lower in the upright position than in the recumbent one in the obese patients (P 0.001) and not signi®cantly different between the two positions in the lean patients (P 0.866). The difference between the areas under the curves in the two positions in the obese compared with the lean patients was close to statistical signi®cance (P 0.059).
The urinary albumin/creatinine ratio for the samples collected during the two consecutive nights was not signi®cantly different in the lean patients or in the obese patients, nor was there any difference between the lean and obese patients. After water loading, the maximum level of the urinary albumin/creatinine ratio was signi®cantly higher in the upright position than in the recumbent one only in the obese patients (Table  3) .
Discussion
The present study focused on obese and lean women with a swelling syndrome and with a demonstrated alteration of capillary permeability. The lower diuresis after water load in the upright position is one of the characteristics of idiopathic oedema. 8, 9 Various hormonal disorders may play a pathophysiological role. An increase in aldosterone secretion was found several years ago. 6, 7 Dopamine excretion has been found to be reduced and might contribute to sodium retention. 20 Changes in pituitary hormones and the estro-progestogen balance have been reported. 21, 22 In our patients the percentage of water load eliminated in the urine in the four hours following the load was lower than in normal women investigated similarly by Antidiuretic hormone and natriuretic peptide in obese women P Valensi et al other authors (mean value about 110%). 8, 9 The free water clearance was lower in the upright than in the recumbent position only in the obese patients. This suggests that the water load-induced inhibition of ADH secretion was lower in the upright position, and that this disorder is more marked in the obese patients with a swelling syndrome.
ANP is a polypeptide hormone released from atrial myocytes in response to the stretch of the atrial wall due to pressure or volume overload. Two types of ANP receptors have been identi®ed. The ®rst type, mainly demonstrated in the kidneys and adrenals, 23 are functional receptors which activate the particulate guanylate cyclase, 24 with intra cellular accumulation of cyclic GMP. The second receptor type removes ANP from the circulation and is known as a clearance receptor. 25 The urinary cGMP/creatinine ratio may be considered to be the global index for ANP secretion and activity, as it has been shown that the increase of urinary cGMP excretion was parallel to the increase in plasma ANP. 17, 18 In the present study, this ratio increased after oral water loading, as expected. However, it increased signi®cantly less in the obese patients in the upright position than in the recumbent position, which may be related to a lower stimulation of ANP secretion but also to a reduced effectiveness of ANP. Indeed a reduced activity of ANP has been found in obese women and seems to result from an increased clearance of ANP due to an increased density of the clearance receptors.
14 ANP seems to be under autonomic control since its plasma level decreases after sitting or standing, 26 as a response to a reduction in atrial pressure due to venous pooling in the lower limbs, and since the ANP level remains too high in the upright position in patients with familial dysautonomia compared with normal subjects. 27 Moreover sympathetic denervation abolishes ANP secretion induced by volume expansion, 28 and diabetic dysautonomia also seems to modify ANP regulation. 29 We have recently shown the high prevalence of alterations in vagal control of heart rate variability and sympathetic activity in nondiabetic obese patients. 30, 31 Autonomic dysfunction might therefore be the clue to ANP dysregulation in obese patients with idiopathic oedema.
Finally, the higher level of the urinary albumin/ creatinine ratio in the standing position than when recumbent in the obese patients may be considered to be another indication of a widespread alteration in capillary permeability. We have previously shown that the urinary albumin excretion rate is increased in about 20% of the obese subjects. 32 In this study the water load, together with the upright position maintained for four hours, apparently reveal this abnormality in glomerular permeability, as proposed in the investigation of diabetic nephropathy. 33 An increase in the transcapillary escape of albumin is found in many albuminuric 16, 34 and neuropathic patients. 35 In diabetic, as in nondiabetic obese patients, we previously found a reduced peripheral vasoconstrictive response to sympathetic activation. 31, 36 This defect in vasomotor sympathetic innervation might contribute to an increase in peripheral capillary¯ow and permeability, and to changes in the regulatory process of renal haemodynamics.
Conclusions
In patients with a swelling syndrome and capillary leakage of albumin, there also seems to be an increase in the urinary albumin excretion rate which can be revealed by water loading. This suggests a widespread alteration in capillary function. That the water loadinduced inhibition of ADH secretion and stimulation of ANP secretion or ANP activity was more defective in the upright position than in the recumbent one and was found here only in the obese patients, is probably another major contributing factor to the orthostatic oedemas of obese patients. Autonomic dysfunction may be involved via changes of both capillary haemodynamics and ANP dysregulation.
